Purpose: Evaluation of shear bond strength of ceramic fused to metal fabricated using veneering and pressable techniques.
INTRODUCTION
Since its introduction in the 1950s, the ceramic fused to metal restoration, have been playing an essential role in restorative dentistry. They allow efficient restorations with great color stability and fracture resistance which RESEARCH ARTICLE 10 .5005/jp-journals-10019-1211
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1 Rahul S Patil, 2 Omkar Shetty IJOPRD is provided by the metallic framework. 1 However, cera mics could only be used with specific metal frameworks because of mismatches in the ceramic fusion and alloy casting temperature differences in the coefficient of thermal expansion (CTE) of the two substrates. 2 For the clinical success of metalceramic restorations, the deve lopment, and understanding of an optimal bond between ceramic and metal substructure was essential. Although various theories and concepts have been proposed for the actual mechanism of bonding, it remains elusive. 3 Good results of metalceramic restorations depend not only on the characteristics of the metal and ceramic but also on the processing technique used. Two commonly used techniques are veneering technique and pressable tech nique. Veneering technique, however, requires multiple firing cycles leading to contraction and also a reduction in strength. To overcome these problems, pressable or pressed ceramic was introduced with a single or twostage firing.
Recently, the development of a lowfusing pressable leu citebased glass ceramic, compatible with porcelain fused to metal (PFM) alloys in both processing temperature and CTE, has allowed for its merging with the traditional strength of the alloy framework. 4 Pressed ceramic systems, have a wide array of ceramics that are comparable to feldspathic systems. Now with the development of press on technique, various new ceramics can be used but does this technique allow stronger metalceramic bond than conventional veneering technique is yet to be evaluated. A recent study compared shear bond strength using the similar technique, but laser sintered cobalt chromium alloy was used instead of nickel chromium. The investigation revealed that bond strength for heat pressed porcelain to laser sintered cocr alloy was higher than the conventional veneering technique. 5 The current study is designed to evaluate and compare the shear bond strength of leucite ceramics bonded to metal using veneering technique and press able technique.
MATERIALS AND METHODS
The current study was performed at Department of Prostho dontics at Dr D.Y. Patil Dental College and Hospital, Navi Mumbai. For fabricating of metal discs, crown wax pattern of dimension 14 mm × 8 mm was IJOPRD Na 2 O 4.0-8.0,other oxides 0.0-4.0, pigments 0.0-2.0. The sintered sample was measured using a measuring scale to confirm the dimensions of ceramic build up to be of 14 mm × 4 mm. So each metal ceramic sample measured 14 mm × 12 mm that is 8mm of metal height and 4mm of ceramic built up above it. All 5 discs of Group A were fabricated in a similar manner using the veneering tech nique 6 (Fig. 3 ).
For group B samples, complete contour wax pattern using IPS press wax (organic wax) was used to fabricate pattern of dimension 14 mm × 4 mm on the opaqued metal disc. The wax pattern was sprued and invested. The casting ring was placed in a burn out furnace at 700° C for 20 minutes. The heated casting ring was carried to the Empresspressing machine. The IPS InLine PoM ingot which is a leucite ceramic based on calcialumino silicate glasses with the following composition (in weight %): The heat pressing cycle was carried out at 915° C for 18 minutes followed by cooling for half an hour (Fig. 4) . fabricated in the number 2 bar of the sliding jig assembly (Fig. 1) . The pattern was sprued and invested in phosphate bonded investment material (ICalibra Express, Protechno, Vilamalla Girona, Spain). NiCr ceramic base metal alloy (Ruby mwa; Ruby dental products, Osaka, Japan) contain ing Ni-76.0%, Cr-14.0%, Mo-6.0%, Be-1.8%,Al-2.0% was used for casting to fabricate 10 metal discs (Fig. 2) . IPS Inline system opaquer paste was applied on the finished metal discs and transferred to a sagger tray and placed near the open muffle of the ceramic furnace (Programmat P500; Ivoclar vivadent; Bendererstrasse, Schaan) to sinter the opaquer. All ten discs were masked with opaquer in a similar manner and then divided into two groups of five samples each and were named as group A: IPS InLine veneering ceramic and group B: IPS InLine PoM press ceramic.
The samples of group A were layered with IPS InLine veneering ceramic (Ivoclar Vivadent; Bendererstrasse, Schaan) which is a leucite ceramic based on calcialumino sil icate glasses and feldspar which was mixed with IPS InLine liquid. Firing was done at 910° C for sintering the samples. A custom made sliding jig assembly was used for circular interface shear test. It was attached to the Instron universal testing machine 5960 dual column tabletop model to provide a repeatable method of introducing shear stress at the interface between the metal and ceramic. 8 The jig was made up of two horizontal metal bars no. 1 and no. 2 of dimensions 7 cm × 3.5 cm (l × b) which were able to slide over each other and interlocked with the dovetailshaped sliding mechanism. The no. 1 bar had the horizontal dovetail shaped depression for the no. 2 bar dovetail to slide into it horizontally. The height of the no. 1 bar was 8 mm, and the no. 2 bar was 4 mm. Each of the bars had an aperture of dimension 14 mm at one end and another small aperture of 8mm at opposite end. The dimension of larger aperture in the no. 1 bar was 14 mm × 4 mm, and the smaller aperture was 8 mm × 4 mm. Similarly, the no. 2 bar had a larger aperture of 14 mm × 8 mm and smaller aperture of 8 mm × 8 mm. So when the jig assembly was made to slide over each other from opposite ends, the holes could coincide at a point. 9 The smaller aperture was made so that cylindrical bars could pass through at each end and get attached to the clips of the Instron machine and help pulling the assemblies away from each other. An additional small horizontal aperture was made on the lateral aspect of one assembly through which a screw was placed and tightened so that it could touch the lateral aspect of the sample and secure the samples in position. The Instron machine with a crosshead speed of 5 mm/minute was then gradually loaded until the loaddeflection curve of each sample showed a sudden deviation on the digital chart, indicating bond failure which occurred at the metal ceramic interface. 10 Measurements were recorded for the increasing loads which were applied progressively. A similar procedure was followed for all samples (Fig. 5) . The samples were observed to debond at a range of specifically applied loads. Data gathered was analyzed, and shear bond strength was calculated in N/mm 2 using formulaBond Strength = Force/Area = Load/Area = KgF/πr=7.5 mm) The observations were statistically analyzed to com paratively evaluate the values. Student's "t" test was used to analyze and compare group A with group B.
RESULTS
The results of the test were tabulated in Tables 1 and 2 depicting the shear bond strength values for samples of groups A and B respectively. Statistical values were tabulated in Table 3 . Graph 1 was tabulated which rep resented the mean values of the shear bond strengths of both groups.
The null hypothesis was that there is no significant difference between the mean shear bond strength of metal and ceramic when fabricated using veneer ing ceramic and pressable ceramic technique with p = < 0.005. The alternate hypothesis derived was that there is a significant difference between the mean shear bond strength of metal and ceramic when fabricated using veneering ceramic and pressable ceramic technique. The Independent ttest results (p value = 0.086262 > 0.05) were not significant. This indicates that there was no strong evidence to reject the null hypothesis. Therefore it was concluded with the comment that there was no signifi cant difference between the mean shear bond strength of metal and ceramic when fabricated with veneering ceramic and pressable ceramic technique. The difference so far observed may be a chance difference and both IJOPRD fabricated and invested, and ceramic is pressed onto the undercasting. 12 The advantages of using press technique are: the possibilities are unlimited, platinum foil is not neces sary and alumina profiles metal posts and attachments can be accurately inserted, an exact marginal seal is pos sible, the technique for making a fixed partial denture is simple, compressed ceramic units are very strong, ceramic furnace is required which will permit compression of the ceramic restoration at elevated temperatures and this technique is also slightly expensive than the conventional veneering techniques. 13, 14 Various theories and techniques by using resin bonding materials and by surface conditioning and chemical etching methods have been proposed over the years for improving metal to ceramic bond. This bond is important as during occlusal loading the ceramic can chip off from the metal. 15 Even though studies reveal that shear bond strength was almost the same for veneering ceramics to high noble alloy using both the techniques, research needs to be carried out for ceramic fused to base metal alloys. 16 Even after the development of various metal ceramic fabrication techniques, there is still a lack of literature claiming which technique provides a better ceramic to metal bond. So the present study was planned to evalu ate the metalceramic bond strength for leucite ceramic, fabricated using veneering and press technique, 17 and it is highly reliable because it is based on minimal experi mental variables and the least residual stresses at the metalceramic interface.
The results of the present study showed that the mean bond strength values for veneering ceramic samples were 25.06 Mpa and for ceramic press samples were 21.68 Mpa and statistically there was no significant difference. The debonded samples were visually evaluated, and veneering and press on metal show almost equal shear bond strength.
DISCUSSION
To overcome the shortcomings of feldspathic ceramic, high expansion metal ceramics were developed by raising the coefficient of thermal expansion of feldspathic ceramic to match the values of gold alloys. Feldspar is not present in the final processed ceramic, and the increase in thermal expansion of ceramic occurs due to crystallization of leucite. Hence these highexpansion ceramics are also called leucite ceramics. They are available as conventional sintered powder systems for veneering and in ingot form for heatpressing using the lost wax technique. Conse quently, it is claimed that the strength values can surpass those of layered structures.
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Several methods of fabricating metal ceramic restorations have been developed. Conventional veneering system is still the most popular as it is easier to use, less equipment is required, and shade can be controlled from the addition of the first ceramic layer. The drawback of this technique is that the outcome of the prosthesis is dependent on the skills of the operator as it is very technique sensitive and timeconsuming. Furthermore, there are problems of firing shrinkage after each stage of sintering. All these lead to the development of newer methods of fabri cation of metal, ceramic crowns. The press ceramic technique is one such recent popular technique. The hotpressed ceramic technique provides a method of fabricating full occlusalcoverage ceramicfused tometal restorations. Using this technique, a waxed restoration can be processed in ceramic with accurate occlusal details that previously could be attained in only metal or acrylic resin. Pressable ceramic systems use the lost wax technique, which eliminates the need for multiple firings and potential marginal changes seen during conventional sintering techniques. After the opaquing stage, a full contour wax pattern is few samples showed separation of entire ceramic from metal along with the opaque, few samples demonstrated debonding at the junction of opaquer and few samples showed debonding within the ceramic itself. Types of failures were grouped into adhesive failures and cohesive failures (Figs 6 and 7 ). There can be several reasons for these varying patterns of bond failures. They can be classified into three main factors that determine the success of a ceramicmetal bond; they are-Residual stress gradients, interfacial chemistry, and interfacial morphology. Much of the basic research has concentrated on residual stresses and thermal expan sion compatibility. With significant differences in thermal expansion coefficients, residual stress gradients from across the interface during processing. These stresses can be so strong that either the bond fails at a much lower stress level or the ceramic spontaneously spalls off. Generally, we attempt to limit differences in thermal expansion coefficients between the ceramic and the metal. Theories of the effects of interfacial morphology have been mixed. Some researchers believe that rough interface morpholo gies improve bond strength by mechanical attachment or by increased area for chemical bonding. However, others believe that roughness can weaken the interface by causing stress concentrations that could initiate fracture and others believe that roughness could cause incomplete contact between the metal and ceramic (and trapped gases), which could also reduce bond strength. 18 Mechanical failures of metalceramic systems are not surprising considering the vast differences in modulus between the metal and ceramic materials. 19 During cooling, the leucite crystals contract more than the sur rounding glass matrix leading to the development of tan gential compressive stresses around the leucite particles as well as micro cracks within and around the crystals. 20 The group A samples (veneering) in this study exhibited more of the cohesive type of failures. Many of the samples exhibited debonding within the ceramic itself. Nearly all veneering samples showed ceramic residues on the surface of the metal which exhibited signs of cohesive failure. The reason for such failure could be a higher adhesive bond strength between ceramic and metal than the cohesive bond between ceramic. But there are possibilities of dust and impu rities getting incorporated while using the veneering technique as ceramic is not applied under vacuum. These impurities could have caused voids, adversely affecting the bond leading to adhesive failures. Another reason for this type of failures could be the incremental addition of ceramic and subjected to repeated sintering for compensating of the firing shrinkage after the addi tion of each layer of ceramic. This could have weak ened the cohesive bond between ceramic. For InLine ceramic, cooling to 700° C or 800° C is recommended in conjunction with main firings. Failure to achieve this could affect the bond strength. It has been seen that shear bond strength measurements were very sensitive to the method of preparation of the specimens and the design of the testing arrangement
The press ceramic samples exhibited more of adhe sive failures. Most of the specimens for press ceramic IPS InLine PoM exhibited areas of exposed metal. Some of the specimens exhibited areas of opaque ceramic. These interfacial failures were visible by fragments of nearly entire ceramic getting debonded and separated from metal after testing with minimal opaquer residues on the metal interface. The reason for this could be epitaxial stresses which may also arise at the metalceramic interface even with very thin oxide layers. Such stresses may cause a reduction or loss of adherence and consequently may result in weaker bond strength. Due to the pressing of a large mass of ceramic on metal, there could be a possibility of improper condensation leading to voids and thus 
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weakening the metalceramic bond. However, if the roughness of a surface causes voids at the interface, which could have been possible with press ceramic samples due to the presence of wax residues, adhesion could have decreased. In a recent study, it was found that sintered metal alloy for computeraided manufacturing (CADCAM) exhibited shear bond strength to ceramic comparable with cast metal alloys and hard milled alloy either ceramic application by ceramic pressedon technique or ceramic layering technique. 21 The ceramic pressedon technique significantly provided higher metalceramic bond strength for metalceramic restorations than that of a conventional layering technique. It is suggested that the heat pressed technique is recommended in ceramic application to the dental alloy. The sintered alloy is more preferable selection for metal ceramic restoration since it exhib ited a suitable survival probability as well as reliable shear bond strength compared to others. The reported effects of surface roughness on metalceramic bond strength are difficult to interpret because the degree of surface roughness is either not defined or sparsely used in dental laboratories. 22 Crowns made using the conventional IPS InLine technique showed 45% greater fracture resistance than IPS InLine PoM made with the presson technique. 23 The fabrication technique had influenced the bond strength in the present study. The mean bond strength values for press ceramic were also below the recom mended standard ISO value of 25 MPa for metalceramic bond whereas values for veneering ceramic was in a clinically acceptable range.
LIMITATIONS
The shear test used in this study may not represent the clinical environment to which a metalceramic restoration is truly subjected to the direction of the occlusal forces. Accurate measurements of bond strengths at metal ceramic interfaces have elicited several questions because the complexity of the bonding mechanism currently defies the development of individual test design.
CONCLUSION
Within the limitation of the study, the following conclu sions were drawn: • Metal ceramics fabricated using the veneering tech nique exhibited higher bond strength. However more of cohesive failure within the ceramic was observed.
• Metal ceramics fabricated using press technique exhibited lower bond strength. However, more of adhesive failure between ceramic and metal was observed.
• Bond strength values of metal ceramics fabricated using veneering technique were higher than the ones fabricated using Press technique.
• Bond strength values of metal ceramics fabricated using veneering technique were above the recom mended standard ISO value and those fabricated by press technique were slightly below the commended standard ISO value.
